The effects of anticoagulants on the determination of both trypsin inhibitory capacity and the concentration of a r antitrypsin measured by radial immunodiffusion, and on the o^-antitrypsin phenotype were investigated. These results were compared with those obtained for serum. The following anticoagulants were investigated: sodium citrate; sodium oxalate; buffered citrate; potassium oxalate/sodium fluoride; sodium heparin; and potassium EDTA. It was found that plasmas from all of the anticoagulants, except sodium heparin, resulted in apparently significant decreases of both trypsin inhibitory capacity and concentration of oc r antitrypsin measured by radial immunodiffusion, relative to serum. These decreases were not simply due to dilution by anticoagulants. Using both acid starch gel electrophoresis followed by immunofixation and isoelectric focusing in agarose, no interference was found in the phenotype determination.
Introduction a r Anti trypsin is one of several well characterized protease inhibitors in blood (l, 2) . A deficiency of a r antitrypsin can lead to liver disease in children (3) or lung disease between the third and fourth decade of life (4) . ocj-Antitrypsin accounts for over 90% of the trypsin inhibitory capacity in blood (5) . Since the trypsin inhibitory capacity correlates with the amoünt of a r antitrypsin measured immunologically (6, 7) , many laboratories prefer to quantitate the amoünt of a r antitrypsin by the easier and faster trypsin inhibitory capacity method (8) . A low trypsin inhibitory capacity would indicate the possibility of a deficient a r antitrypsin phenotype or perhaps the presence of a non-functional variant of arantitrypsin, although such a non-functional variant has not yet been found.
It has been recommended that serum should be used for a r antitrypsin phenotype and concentration measurements (9) . It has been reported that the functional assay of -antitrypsin gives different values for serum and plasma (9) . However, we can find no comprehensive comparison of serum and plasma for the determination of trypsin inhibitory capacity, or the concentration of arantitrypsin by radial immunodiffusion. Occasionally, plasma from a given patient may be the only fluid available for determination of the a r antitrypsin phenotpye and concentration. Serum may not be available for various reasons, such äs intercurrent transfusions, the amoünt of blood already taken from a patient, or unavailability of a patient. Furthermore, commercial suppliers of radial immunodiffusion plates state that the level of a r antitrypsin can be measured in serum or plasma but make no Statement concerning the possible problems (or advantages) of using plasma. Therefore, the influence of anticoagulants on the trypsin inhibitory capacity, radial immunodiffusion and a r antitrypsin phenotype needs t o be investigated to ascertain plasma suitability for assays.
The purpose of these studies was to compare plasmas and serum from the same individuals for the determination of trypsin inhibitory capacity and for the measurement of -antitrypsin by radial imm unodiffusion, in order to determine the possible effects of anticoagulants on the these parameters.
We found that plasma containing sodiüm citrate, sodium oxalate, buffered citrate, potassium oxalate/ sodiüm fluoride or potassium EDTA have lower 'trypsin inhibitory capacity and radial immunodiffusion values than serum or plasma containing sodium heparin. There was no interference in the determination of the arantitrypsin phenotype in plasmas, using both acid starch gel electrophoresis followed by immunofixation and isoelectric focusing in agarose.
Materials and Methods
The trypsin inhibitory capacity of the serum and plasmas was measured in duplicate (4, 10) . Briefly,· d5 of sample (serum or plasma) were added to 3.8 ml (sample tube) and 4.0 ml (blank tube) of assay buffef (0.1 mpl/1 Tris, 0.02 niol/1 CaCI 2 , pH 8.2) followed by addition of 200 of trypsin solution (0.2 g/l in 0.0025 mol/l HCl) in a timed fashion to the sample tubes (blank tubes do not receive trypsin solution) and to 3.8 ml of assay buffer alone (the trypsin control) at 25 °C. After exactly 15 min, 4.0 ml of benzoyl-/)L-arginine-p-nitroanilide hydrochloride (0.435 g/l, ICN Pharmaceutical) were added. After exactly 10 min, 1.0 ml of acetic acid (300 ml/l) was added. The tubes were read at 410 nm and the trypsin inhibitory capacity (g trypsin inhibited per l of sample) calculated in the ustial fashion (4, 10) after subtractipn of the blanks from sample and the trypsin control tubes. Results were expressed äs "per cent normal" of a Standard pool (provided by Dr. Pierce at the University of Washington). The % trypsin inhibitory capacity change relative to serum was calculated:
The concentration of a t -antitrypsin was quantitated i_m-munocheiiiically by the radial immunodiffusion techniqüe using commercial M^Partigen plates (Calbiochem-Behring) and the supplied standardized serum. An aliquot of the Standard serum used in the trypsin inhibitory capacity assay above was included on each radial immunodiffusion plate äs an additional control. The diameters on the radial immunodiffusion plate were measured 3 times. The % radial immunodiffusion change relative to serum was calculated:
The phenotype of aj-antitrypsih was determined by both acid starch gel electrophoresis (11) followed by immunofixation (12) and isoelectric focusing in agarose (13) . Hydrolysed starch was purchased from Conriaught Laboratories (Lot #365-1); antibody (goat) to human a r antitrypsin was obtained from Kallestad Laboratories; agarose^EF (Batch #1) and camer amphqlytes were purchased from LKB.
Blood was drawn into ä sterile, 4 ml Vacutainer (silicone coated -Becton, Dickinson and Co.), and then into a 3 ml (total volume) sterile Vacutainer or sterile Venoject tubes (KimbleTerumo) containing: 0.3 ml of 38 g/l sodium citrate; .3 ml of 0.1 mol/l sodium oxalate (4.0 mg sodium oxalate and 0.06 mg sorbic acid); 0.3 ml of 0.105 mol/l buffered citrate (7.41 mg trisodium citrate dihydrate and 1.32 mg citric acid monohydrate); 6 mg potassium oxalate and 7.5 .mg sodium fluoride; 286 USP units of solid sodiurn heparin; and 0.06 ml of 75 g/l potassium EDTA. The serum and plasmas were drawn and processed together in the following mannen serum -0.5 hour at room temperatüfe; 3 hours at 1Ö°C; centrifugation at 1000 g for 30 minutes at 4°C; plasma -15 min in wet ice; centrifugation at 1000 g for 30 min at 4°C; /; and storage of small aliquots of supernatants at -70°C.
The p values were calculated by comparing <the trypsin ino hibitory capacity and radial immunodiffusion values of the° various plasmas and corresponding serum using a correlated ttest (STATPAK, Northwest Analytical).
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Results
The per cent normal trypsin inhibitory capacity for 8 healthy subjects was 106 ± 9.9. The per cent trypsin inhibitory capacity changes for the various plasmas are listed in table l.
The inter assay and intra assay coefficients of Variation for the trypsin inhibitory capacity assays were 1.9% and 3.2%, respectively. All plasmas except sodium heparin had a significant decrease in per cent normal trypsin inhibitory capacity relative to serum (tab. 1).
The concentration of -antitrypsin for the 8 subjects was 2.262 ± 0.215 g/l and for the same Standard used in the trypsin inhibitory capacity assay on 7 different plates was 2.381 ± 0.119 g/l.
The inter assay and intra assay coefficients of Variation for the radial immunodiffusion assays were 3.5% and 5.0%, respectively. All plasmas except sodium heparin showed a significant decrease in concentration relative to serum (tab. 1).
All 8 subjects were found to have the PIM phenotype of ocj-antitrypsin by both acid starch gel electrophoresis followed by immunofixation and isoelectric focusing in agarose. The final total volume of all plasma tubes was 3.02 ± 0.12 ml.
Discussion
While it has been reported that plasma exhibits a lower trypsin inhibitory capacity than serum (9), we have found no systematic study of the effect of anticoagulants on either the trypsin inhibitory capacity or radial immunodiffusion. The study reported here indicates that the use of various plasmas (except those prepared with sodium heparin) instead of the corresponding serum results in significantly lower trypsin inhibitory capacities and significantly lower values for otj -antitrypsin measured by radial immunodiffusion. These decreases were not due to dilution. It has been reported that the trypsin inhibitory capacity of serum is markedly reduced when gram-negative bacteria are present (14) ; however, the samples were processed to prevent bacterial contamination and growth. From our studies, it would appear that plasma treated with sodium heparin is suitable for measurement of trypsin inhibitory capacity or analysis by radial immunodiffusion.
Our results for trypsin inhibitory capacity and a r antitrypsin concentration for sodium citrate plasma show the same trend, but of greater magnitude than those calculated, i.e. -5.6% and -8.0%, respectively, in another study (15) . However, we calculated these differences from median values and not the individual paired serum and plasma values. Furthermore, the trypsin inhibitory capacity (15) was determined by an automated continuous assay with a shorter incubation time, different concentrations and benzoyl-L-arginine-/?-nitroanilide äs a Substrate at pH 7.80, whereas our trypsin inhibitory capacity is an end pöint determination (4, 10), using benzoyljD,L-arginine-/7-nitroanilide at pH 8.2. These differences may account for the differences in magnitude of the trypsin inhibitory capacity. Our radial immunodiffusion results for sodium citrate agree with those of another study in which the concentration of a r antitrypsin was 15.4% lower (negative value) compared to serum diluted in the same Proportion äs plasma (16) . Surprinsingly, the concentration of oc2-macroglobulin in sodium citrate plasma was 6.7% lower compared to proportionally diluted serum (16) . The authors (16) suggest that the greater concentration of a r antitrypsin and ot2-macroglobulin in serum may be due to inhibitorprotease complexes formed during coagulation and note that the concentration of antithrombin III was found to increase after complexation with thrombin. Surprinsingly, the decrease in <x r antitrypsin (measured immunologically by the radial immunodiffusion technique) was greater than that shown in the trypsin inhibitory capacity assay, particularly in the plasmas where there was little or no dilution (see above, and see tab. 1). The radial immunodiffusion technique measures the total amount of -antitrypsin present, regardless of its functional Status. We do not believe that these radial immunodiffusion values are in error since the foliowing controls were employed to minimize technical errors: 1) the same set of diluted serum Standards was used to generate the calibration curve on each plate;
2) a diluted aliquot of the serum sample used äs a Standard in the trypsin inhibitory capacity was included on every plate with consistent and reproducible results; and 3) the diameter of each sample was measured 3 times. We did not quantitate the amount of a r antitrypsin by the electroimmunodiffusion technique since the ionic content of the various plasmas could give rise to artifacts.
While this work does not identify the mechanism which accounts for the lower trypsin inhibitory capacity and radial immunodiffusion values obtained with plasmas, it does document that these potential Problems exist for plasmas produced with sodium citrate, sodium oxalate, buffered citrate, potassium oxalate/sodium fluoride and potassium EDTA. Since the decrease in o^ -antitrypsin was evident functionally (trypsin inhibitory capacity) and immunochemically (radial immunodiffusion), we would speculate that the cause' is probably associated with the a r antitrypsin itself and not due to interference of the anticoagulants with the trypsin inhibitory capacity or radial immunodiffmsion assays. More work is needed to elucidate the mechanism(s) of the decreases associated with trypsin inhibitory capacity and radial immunodiffusion assays for plasmas.
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In our studies, none of the anticoagulants interfered with the determination öf the a t -anti trypsin phenotype by acid starch gel electrophoresis followed by immunofixation or by isoelectric focusing in agarose. However, it shpuld be rioted that heparin in excess interferes with the determination of the <Xj-antitrypsin phenotype by acid starch gel electrophoresis (17) or isoelectric focusing in polyacrylamide (18, 19) . Sodium EDTA does not interfere with determination of the <x r antitrypsin phenotype by isoeleetric focusing in polyacrylamide (18, 19) . It has also been reported that bacterial contamination (14, 17) or age (18, 19, 20) or extended exposure to room temperature (17, 21) iriterferes with determination of the a r antitrypsin phenotype. These potential problems were avoided in our $tudies.
In conclusion, this work indicates that the trypsin inhibitory capacity and radial immunodiffusion can be measured in plasma prepared with sodium heparin. The phenotype can be determined with any of the plasmas or sera tested, using either acid starch gel electrophoresis followed by immunofixation or isoelectric focusing in agarose.
